risk of interrater reliability bias was low in all studies.
A recent study showed that there was a positive effect of activity of daily living, functional activity, and fitness on the elders with cognitive disorder when their physical ability was evaluated (Heyn et al., 2004; Littbrand et al., 2009; Ahlskog et al., 2011; Hauer et al., 2012) . It is so crucial that useful and proper assessment of performance competence has to serve to the patients with cognitive disorder (Blankevoort et al., 2013) . Most frequency tool for elderly person in South Korea are BBS, TUG, FRT for assessing balance; 6MWT, for evaluating gait ability; sit to stand for evaluating strength.
Reliability measurements indicate the degree to which scores of a clinical test are free from measurement errors (Ries et al., 2009 ). Inter-rater reliability is the degree of agreement among raters and test-retest reliability is the variation in measurements taken by a single person or instrument on the same item, under the same conditions, and in a short period of time. It is recommended to measure both inter-rater reliability and test-retest reliability for accurate reliability of patient with dementia. Patients with dementia might not be able to perform a certain protocol nor to follow any verbal or written instructions due to dealing with lack of understanding skill and provoked anxiety and confusion about the new or unexperienced operations. This is why there are quite many cases of significant decrease in the reliability of assessment.
Moreover, many present literatures of the assessment reliability of general movement intervention on the patients with dementia have not satisfyingly been clear with their results nor proposed absolute reliability (Suttanon et al., 2011; Fox et al., 2014) . Additionally, the ability of performance may different according to subtype of dementia because there are the communication difference of vascular dementia and Alzheimer disease (Kim and Shin, 2014) . Therefore, it is necessary to figure out such evaluation tool would show convincing reliability on the patients with dementia and compare to type of dementia.
In this study, we summarized evaluation tools of gait (6MWT) and balance ability (BBS, TUG, FRT) and strength (CST) for the dementia patients and will see which evaluation tool brings the highest reliability. Besides, just for the systemic reviews of literature, this study selected the following hypothesis: there would be a difference among the reliability of each analysis tool of the gait and balance capability depending on the kind of dementia.
Ⅱ. Methods
The methodology of this study follows a systematic review process originate in evidence-based systematic review of the PRISMA statement (Liberati et al., 2009 ).
Types of studies
Two evaluators were participated the whole procedures independently. They retrieved all relevant literatures in articles, full text according to inclusion criteria. This review study targeted any study to analyze the reliability on assessment tools for evaluating balance, gait and strength.
Design of study was repeated measures.
Types of participants and intervention
Subjects were elderly people with dementia that was diagnosed by doctor except mild cognitive disorder.
Types of outcome measures
Primary outcome measure was a reliability including test-retest reliability or interrater reliability of BBS, TUG, FRT, 6MWT, and CST.
Review criteria
Two graduate students did the searching of database separately. Each study evaluated by two authors for the inclusion criteria and discussed any problem each other.
Adverse events or side effects
Adverse effects and complications were assessed depending on the description of the authors of each article. 
Search strategy
The search terms include "dementia", "reliability", "BBS", "TUG", "FRT", "6meter gait", "sit to stand", "balance", "gait", and "strength". All works integrated after two evaluators performed the searching independently in same searching strategy. Any disagreements between evaluators were discussed each other or resolved the problems by third one.
Quality assessment
Criteria for quality assessment of articles were cited from the Quality Assessment of Diagnostic Accuracy Studies (Whiting et al., 2011) , and checklists used in systematic reviews of diagnostic reliability (Schrama et al., 2014) . We performed a list of 11 quality criteria (Table 1 ).
Ⅲ. Results
Study selection
338 articles were selected after searching with key word. 
Study characteristics
The characteristics of included articles were Table 2 .
Only one study analyzed the Interrater reliability. Six studies were investigated Test-retest reliability. In five studies, physical therapists were testers. In others studies, bachelor degree and master degree students, researchers were tester. Sample size of studies was from 12 to 58.
In two studies, subjects were AD. In other studies, subjects were dementia.
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Risk of bias within studies
There was the quality of studies in Table 3 . Five studies showed a low risk of bias (≥ 5 criteria). Two studies exhibited moderate risk of bias (3 or 4 criteria). Two studies, all criteria for external validity was satisfied. The internal validity was lower than external validity.
Interrater Reliability of tools of balance, gait and strength
The interrater reliability of tools of balance, gait and strength is shown at ICCs of assessing for strength ranged from .966 to .797.
Only one studies show acceptable reliability (ICC>.90).
ICCs of assessing for gait ranged from .987 to .676. Only one studies show acceptable reliability (ICC>.90).
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The Reliability of Balance, Gait, and Muscle Strength Test for the Elderly with Dementia: A Systematic Review When comparing the reliability of two groups (dementia: AD), the reliability of AD group was higher than dementia group in 6metWK. However, the reliability of dementia group was higher than AD group in CST. The reliability of TUG, FRT are almost same in both group. The quality of most studies was low except two studies.
Ⅳ. Discussion
This study was included seven studies exploring the reliability of tools measuring balance, gait and strength for subject with dementia. The interrater reliability of TUG, 6MWT and CST were acceptable (ICC>.90). However, FRT were nonacceptable reliability. In test-retest reliability, only BBS has acceptable reliability (ICC>.90). Others have various reliabilities.
Overall, the quality of studies was good including five studies having low risk of bias, two studies showing moderate risk of bias. Specially, blinding of examiner and subject in data was poor.
Sit to stand movements are essential activity during daily life and leg extension muscles power needed for performing this activity. Testing of leg extension muscles power may reflect the function level in older people and many researchers have used the test for older people (Cheng et al., 2014) . However, there are few for studying of subject with dementia. In addition, the comparing of reliability of each study is necessary for selecting proper tool for subject with dementia. Therefore, we investigate the reliability of sit to stand test for testing the leg extension power and found the reliability from ICC=.966 to ICC=.797. The reliability was different between the characteristics of subjects. The reliability of subject group with dementia is higher than subject group with AD. The reason that two group was different might be the understanding the direct of evaluator. One of main problem of AD is the communication ability. Subject with AD might have more difficulty to understanding of direction of tester than the subject group with dementia. Therefore, when evaluators assess the subject with AD, they should consider the test-retest reliability.
BBS has developed for evaluate balance in the elderly and has been used to measure balance in patients with various condition. In South Korea, BBS is widely used for elderly people in clinic. Downs et al. (2013) suggested the BBS has high intra and inter-rater reliability in system review. However, the participants who were included the study have various condition like Parkinson's disease, multiple sclerosis, spinal cord injury, outpatients. In our study, we researched only subject with dementia. We found that BBS has higher reliability among balance tools.
TUG test is common tool in clinic for measuring mobility and fall risk in older adults because it is easy to use in field. Therefore, it is meaningful to identify the reliability of TUG.
The reliability of TUG revealed various depending on researchers from ICC=.72 to ICC=.97 in this study. In comparing with BBS, TUG test can affected by various factors including age, cognitive status, muscle strength, balance control and so on (Whitney et al., 2005; Chen and Chou, 2017) . Therefore, the participants can be affected by various condition between test and retest session.
In Reis study showing highest reliability among studies, they performed the test-retest in same day (Ries et al., 2009 ). Additionally, they recruited lots of number of participants (n=51). In contrast, the study of Muir-Hunter (Muir-Hunter et al., 2015) showing lowest reliability among studies performed only 15 participants apart from 1 week. Therefore, various factors are eliminated by researches in Reis study. According to Streiner et al. (2015) , it is necessary to identify psychometric properties of test, which use in new environment or people with different condition. Therefore, when assessor use TUG test in clinic, they must control the condition of test.
FRT and 6MWT are a simple tool of standing balance and gait ability. Duncan et al. (1990) reported the FRT is validity and reliable tool for elderly people but Rockwood et al. (2000) found the FRT is not available for heterogeneous elderly people. Therefore, even though the test is simply to use, the reliability can be differ from participants or other factor.
In our study, we found the reliability of FRT was various depending of researchers from ICC=.384 to ICC=.84. In addition, the reliability of 6MWT was somewhat high from ICC=.987 to ICC=.86. However, the reliability of 2.4MWT was lower than the reliability of 6MWT even though the purpose of test was same to evaluate gait ability.
We can suspect the reason that might be the ability of tester. In case of Fox (Fox et al., 2014 ) study, the tester was researcher not physical therapist. He was educated from exercise physiologist before researching. That is why the reliability of FRT and gait test in Fox study is lower than other studies.
This study reviewed the data of relative reliability except absolute reliability and did not use the statistical method like meta-analysis. Therefore, the results of this study have little objectivity.
The small numbers of studies were included in our study because of elaborate inclusion criteria. Therefore, it is difficult to generalize the result.
Ⅴ. Conclusion
In conclusion, this system review has indicated the interrater reliability of TUG, 6MWT and CST were acceptable (ICC>.90). In test-retest reliability, only BBS has acceptable reliability (ICC>.90). Specially, FRT test revealed the low interrater reliability and test-retest reliability and the difference depending on subtype of dementia. Therefore, we suggest the use of BBS for testing of balance to subject with dementia. Also, the study of reliability of tool according to subtype of dementia is needed in the future.
